Maternal depression is a notable public health concern. In low- and middle-income countries (LMICs), the prevalence of maternal depression is estimated to be between 15 and 57%.^[@ref1]^ In South Africa, the HIV epidemic, poverty, unplanned pregnancies, violence and a lack of support^[@ref2]^ are argued to contribute towards prevalence rates of 16 and 39% in poor urban communities in Johannesburg^[@ref3]^ and Cape Town,^[@ref3]^ respectively, whereas rates as high as 47% have been reported in rural KwaZulu-Natal.^[@ref4]^ In addition to the impact on the mother, maternal depression is associated with poor obstetric outcomes, including shorter gestation periods, reduced fetal neurodevelopment and low birth weight. Postnatally, maternal depression can compromise a mother\'s ability to care for her child with a potentially negative impact on cognitive, social, emotional and behavioural development.^[@ref5],[@ref6]^

A strong association exists between depression and poverty,^[@ref7]^ with recent evidence suggesting that two causal pathways are likely to act together to maintain this relationship.^[@ref8]^ Under the social causation pathway, the conditions associated with poverty increase the risk for mental illness; whereas under the social selection or social drift pathway, those with mental illness are at increased risk of drifting into or remaining in poverty as a result of increased healthcare expenditure, reduced productivity and job loss.^[@ref7],[@ref9]^

In South Africa, approximately 84% of the population uses healthcare services within the public health system. With the exception of in-patient care for higher income groups, public health services are free at the point of use and are financed via general taxation. A recent national survey estimated that 5% of these funds were spent on mental health services in total, of which 86% was spent within hospitals during the 2016/17 period.^[@ref10]^ The analysis suggested a large potential treatment gap, with less than 7% of those in need using some form of out-patient mental health service during the period of analysis. Although the national survey added considerably to the knowledge base regarding expenditure on mental health related services in South Africa, it was unable to capture the utilisation of health services and the costs of care in those with maternal depression, given the lack of routinely collected diagnostic data for this group.

In addition to the key unknowns regarding expenditure on mental health related services for those with maternal depression, it is also unclear whether maternal depression has an impact on utilisation and expenditure for non-mental health related services. Following Prince et al,^[@ref11]^ there are a number of hypothesised pathways through which depression may have an impact on the utilisation of health services. First, depression can lead to adverse health outcomes because of the increased risk factors for diseases that are associated with the biological effects of depression. Second, the persistent worry associated with depression may lead to overutilisation of healthcare. Third, depression may contribute towards poorer adherence to medication for existing physical conditions. And finally, worse physical health may lead to an increased risk of depression (for example learning one\'s HIV status can lead to feelings of despair and hopelessness).

Given the above gaps in the literature, the aim of this study is to model the economic burden of maternal depression from the time of first antenatal visit during pregnancy, until 12 months postpartum. In order to tease out the impact of maternal depression on costs and economic outcomes, we compare pregnant and postpartum women reporting no depression symptoms to those reporting symptoms of depression using a cut-off of 8 on the Hamilton Rating Scale for Depression (HRSD)^[@ref12]^ and further estimate (a) the provider costs of services used by the women by depression status; (b) patient costs of accessing care, opportunity costs and out-of-pocket expenditure by depression status; and (c) the economic outcomes of the women by depression status, including comparisons of employment status, asset index based wealth, per capita household income and levels of catastrophic expenditure. Costs are reported for the women, and for their child(ren).

Method {#sec1}
======

Study design {#sec1-1}
------------

This paper assesses the economic burden of maternal depression from a societal perspective^[@ref13]^ by comparing patient costs, public provider costs and economic outcomes of pregnant and postpartum women according to their depression symptoms. Women were categorised as having depression if they scored \>8 on the HRSD.^[@ref12]^ Costs and economic outcomes were modelled over pregnancy and up to 12 months postpartum. Data for this analysis were collected within an individual-level randomised controlled trial. Trial registration: ClinicalTrials.gov: NCT01977326, registered on 24 October 2013; Pan African Clinical Trials Registry ([www.pactr.org](www.pactr.org)): PACTR201403000676264, registered on 11 October 2013.

The trial aimed to test a task-sharing intervention for women with symptoms of maternal depression. Women were randomised to one of two arms: (a) a structured manual-based psychological intervention including six counselling sessions conducted by community health workers trained in counselling techniques; or (b) enhanced usual care consisting of regular monthly telephone calls over a 3-month period, conducted by community health workers trained in conducting structured phone calls but not trained in counselling. Further details of the trial are available in published sources.^[@ref1]^ Results from the trial indicted that the intervention had a non-significant impact on depression as measured by the HRSD in comparison with the control.^[@ref14]^ For the purposes of this paper, which presents an analysis of the economic burden of maternal depression, all women in the trial were included, irrespective of arm.

Participants in this study were recruited at the Site B and Michael Mapongwana Midwife Obstetric Units (MOUs) in Khayelitsha, a peri-urban settlement on the outskirts of Cape Town. Many in Khayelitsha live in shacks without potable water, indoor sewage systems or electricity; the area is characterised by high rates of unemployment, crime and violence.^[@ref15]^ Additional details of the study protocol are available in published sources.^[@ref1]^ Recruitment was undertaken by trained field workers in collaboration with nurses providing antenatal services. Potential participants were pregnant women, aged 18 or older, at their first antenatal visit -- typically in the second trimester of gestation.

Women who gave informed consent were recruited using a three-stage screening process: (a) verbal confirmation of the eligibility criteria for the study; (b) completion of a set of demographic questions; and (c) completion of the Edinburgh Postnatal Depression Scale (EPDS).

Women who scored 13 and above on the EPDS were recruited into the study, and were asked to complete a full baseline interview with a field worker who entered the responses into a mobile device linked to Mobenzi Researcher (a system that facilitates electronic data collection). If responses in this interview revealed signs of suicide ideation (scoring 17 or higher on the Mini International Neuropsychiatric Interview 6.0.0^[@ref16]^), the woman was referred to the nursing sisters at the clinics for further assessment and possible onward referral to Khayelitsha District Hospital. In total, 2192 women were screened, of whom 425 screened positive on the EPDS and were enrolled. Of these, 6 were excluded when it was found that they did not meet inclusion criteria, and 419 remained in the study. In addition to the baseline assessment at first antenatal visit, women were interviewed again at 1 month before their due date, and at 3 and 12 months postpartum (four interviews in total).

Across these interviews, we collected a range of demographic, socioeconomic, health service utilisation and patient cost data, as further described below.

Demographic, socioeconomic and health service utilisation data {#sec1-2}
--------------------------------------------------------------

In addition to baseline information such as median gestation, number of pregnancies, number of live births and educational status, at each interview we collected data on HRSD, employment status, partnership status, monthly household income and ownership or access to a range of assets and services.

In order to estimate the utilisation of health services, during each of the four interviews, women were asked about their utilisation of public ambulatory services in the preceding 3 months (including clinic and hospital out-patient department visits), and, if admitted to hospital, the number of in-patient days in the preceding 6 months. In addition, at their second interview (1 month before their due date), women were asked to estimate their utilisation of antenatal visits over their pregnancy; at their third interview (3 months postpartum) women reported the number of days spent at a health facility during labour and birth as well as their place of birth. In addition, women were asked about their utilisation of ambulatory and in-patient care for their child(ren) across the four interviews; at 12 months postpartum, women estimated the number of well-baby visits during the preceding year.

In order to estimate the opportunity cost of using services and out-of-pocket payments (i.e. the patient perspective), women were asked about travel, waiting and consultation times and about travelling expenses for each of their ambulatory visits in the preceding 3 months, for antenatal services over their pregnancy and for well-baby services in the first year after birth. As before, data were collected for services utilised by the women and by her child(ren). In the South African public health system, ambulatory services are free at the point of use, and fees for in-patient care differ depending on economic status. On the other hand, user fees are incurred for most private health services (for example private general practitioners). For the patient perspective, women were therefore asked about any user fees they had incurred across the range of public and private healthcare services utilised.

Valuation of economic outcomes and costs {#sec1-3}
----------------------------------------

Household income was collected as a categorical variable (given that such a strategy has been shown to improve response rates^[@ref17]^) and transformed into a quantitative variable using a regression approach, where household income was predicted as a function of baseline employment, education and socioeconomic status. Per capita household income was computed as total household income divided by the total number of household members. Following the approach of similar studies,^[@ref17],[@ref18]^ socioeconomic status was estimated at each time point using multiple correspondence analysis across a range of variables relating to access to services, main source of income, whether income is fixed or variable, employment and education status, ownership and type of dwelling, type of shop where food is bought and access to banking services.

All costs were expressed in 2014/15 prices and converted to US dollars (US\$1 = 11.69 South African Rand) using an average exchange rate over the same period.^[@ref19]^ Provider and patient average unit costs were calculated using a number of approaches. For public health services, a gross costing approach was used to compute an average cost per clinic visit, per hospital out-patient department visit, per in-patient day, per delivery day at an MOU and per delivery day at a hospital, using audited expenditure and service utilisation data from all health facilities across the Western Cape Province.^[@ref20]^ For clinics and community health centres, the overall expenditure was divided by the patient headcount over the same period; for hospitals, total expenditure was split into in-patient and out-patient unit costs using the patient day equivalent method, where the cost of an out-patient department visit is assumed to be one-third of the cost of an in-patient day.^[@ref10]^ Once these average unit costs were computed, the costs of public health services for the women and their child(ren) were modelled by multiplying estimates of service utilisation (from the four interviews) against these unit costs. This modelling approach is described in more detail below.

As mentioned above, patient costs included travel, waiting and consultation times for the ambulatory services utilised by the women and their child(ren). Following the literature, the opportunity cost of time can be valued using wages/salary earnings foregone^[@ref21]^ and is therefore based on assumed lost working hours. In this study, in order to value these costs equitably, the mean per capita income reported by the women at the baseline interview was used as a proxy of this opportunity cost. In other words, the opportunity cost of the time women spent accessing services for themselves and for their child(ren) was valued at the same rate. This opportunity cost was based on an assumed 228 working days per annum and 8 working hours per day. We did not include an opportunity cost of children\'s time (given that they do not work). In addition, we did not include an opportunity cost of time for delivery or in-patient care given that these times would likely include non-working hours. All other patient costs (travelling costs and user fees) were based on the values reported by respondents. In the analysis, estimates of time, travel and user fee costs were compared with the mean per capita income of the respondent\'s own household in order to assess the share of per capita household income spent on these costs.

Modelling approach {#sec1-4}
------------------

Using Markov modelling with a 3-month cycle length, we have estimated the economic burden of maternal depression over pregnancy and up to 12 months postpartum by comparing women with depression symptoms to those without. In other words, responses from women at each of the four interviews were used to populate either a 'depressed Markov model state' or 'not depressed Markov model state' using a cut-off of 8 on the HRSD.^[@ref12]^ [Figure 1](#fig01){ref-type="fig"} illustrates the Markov modelling approach. For the purposes of this model, Markov states are developed to capture variability in costs and economic burden as reported by the women across the four interviews. As is shown, modelled participants enter the model at 0--6 months antenatal, remaining in this Markov state for two cycle lengths (i.e. 6 months). Thereafter, they move to 6--9 months antenatal, and 0--3 months postnatal, spending one cycle in each of these Markov states. Finally, they move to 3--12 months postnatal, and spend three cycles in that state. This is therefore not a longitudinal analysis of economic burden based on participants' baseline depressive symptoms; such an approach was precluded by the low numbers of women without depression at baseline (*n* = 16, see [Fig. 1](#fig01){ref-type="fig"}). Instead, building on a Markov modelling approach, women are allocated to a 'depressed Markov state' or 'non-depressed Markov state' depending on their HRSD score at each interview in order to generate a modelled estimate of the patient and provider costs of women with and without depression and their child(ren) across pregnancy and up to 12 months postpartum. To do so, we have assumed that the estimates of service utilisation and patient costs reported in the baseline interview are applicable to the first and second trimesters of pregnancy; services and costs reported at 1 month before the due date are assumed to occur across the third trimester; services and costs reported at 3 months postnatal are assumed to apply to that period, including the costs of delivery; while services and costs reported at 12 months postnatal apply to the 3--12 months postnatal period. Fig. 1Relationship between timing of interview and assumptions made to model costs during pregnancy and up to 12 months postpartum.

As mentioned above, the utilisation of antenatal and well-baby care and the associated time, travel and user fee costs were collected at 1 month before the due date and at 12 months postpartum, respectively. The antenatal costs were spread across the pregnancy whereas the well-baby visit costs were spread across the postpartum period. This approach to utilising the interview data to estimate costs by depression status over the full period (pregnancy and 12 months postpartum) is also illustrated in [Fig. 1](#fig01){ref-type="fig"}.

For both the public provider and patient perspective, estimates of service utilisation and patient time, travel and user fee costs and opportunity costs were generated within StataSE 16, and then were entered into a Markov model created in Treeage Pro 2013. Separate models were created for estimating the costs for mothers and their child(ren) within both the provider and patient perspectives and for participants with and without depression, based on their HRSD scores at each time point. In order to assess data variability, the estimated means and s.d. were entered as gamma distributions in the models. Each model was run 10 000 times in order to capture data uncertainty using probabilistic sensitivity analysis. Where *P*-values are presented, these have been derived using the Kruskal--Wallis comparison of means test for quantitative data and the Pearson\'s χ^2^-test for categorical data.

Ethical approval {#sec1-5}
----------------

The study obtained ethical approval from the University of Cape Town Human Research Ethics Committee (Ref no 226/2011 and 469/2015) and the National Institute of Mental Health Data Safety and Monitoring Board. All participants provided written informed consent.

Results {#sec2}
=======

Participant characteristics {#sec2-1}
---------------------------

[Table 1](#tab01){ref-type="table"} presents clinical, demographic and socioeconomic characteristics of the participants at baseline and, where relevant, across each interview. Data are compared between the participants with and without depression, based on responses to the HRSD at each interview. As shown, there were no significant differences in age, duration of gestation, number of pregnancies or number of live births between the two groups at baseline. There were also no significant differences in education status. Over time, there were significant differences in employment, household income and socioeconomic status. At 1 month before the due date, 56% (*n* = 256) of the depression group reported being unemployed versus 41% (*n* = 44) in the non-depression group (*P* = 0.01). Similarly, at 12 months postpartum, 51% (*n* = 216) of the depression group was unemployed in comparison to 35% (*n* = 104) in the non-depression group (*P* = 0.02). Mean per capita monthly household income was significantly higher in the non-depression group at 12 months postpartum (US\$59.84 *v*. US\$52.35; *P* = 0.03) and women without depression were more likely to be in the richer SES group (62% *v*. 50% for the non-depression group versus depression group; *P* = 0.04). Although not significantly different by depression status, there was a significant decrease in women reporting a partner across the study period, changing from 75% at baseline to 57% at 12 months postpartum (*P* \< 0.001). Table 1Patient clinical, demographic and socioeconomic characteristics during the perinatal period by depression status1st ANC visit1 month before due date3 months postpartum12 months postpartumNon-depression groupDepression group*P*Non-depression groupDepression group*P*Non-depression groupDepression group*P*Non-depression groupDepression group*Pn* (%)16 (4)409 (96)44 (15)256 (85)--129 (38)208 (62)--104 (33)216 (68)--Age, years: mean28.527.00.12------------------Gestation at recruitment, weeks: median16180.11------------------Number of pregnancies, median220.79------------------Number of live births, median110.80------------------Highest education level completed, %Grade 0--1156.2559.170.97------------------Grade 1237.5035.45------------------Post-schooling6.255.38------------------Self-reported HIV status, %Negative60.0068.080.6965.9167.720.8164.3467.790.5261.5466.200.41Positive40.0030.6734.0932.2835.6632.2138.4633.80Refused0.001.250.000.000.000.000.000.00Employment status, %Working for pay31.2535.210.2934.0933.59**0.01**28.6826.440.5545.1933.33**0.02**Self-employed/piece jobs18.7510.0215.914.304.655.7711.5411.11Unemployed50.0040.8340.9156.2559.6963.9434.6251.39Studying0.0013.949.095.866.983.858.654.17Partnership status, %Has partner, live together37.5034.720.9531.8236.720.3330.2335.100.5428.8529.170.97Has partner, live apart62.5063.3359.0955.8655.8150.9628.8526.85No partner, lives with family0.001.479.094.3010.8512.5039.4240.28No partner, lives alone0.00-0.490.003.123.101.442.883.70Monthly household income, mean per capita77.0776.730.6186.9369.490.1858.4052.610.0759.8452.35**0.03**In richer SES group, %56.2549.630.6045.4555.860.2054.2652.880.8161.5449.54**0.04**[^1]

Public provider costs {#sec2-2}
---------------------

Supplementary Table 1 (available at <https://doi.org/10.1192/bjo.2020.15)> presents the estimates of public health service utilisation for the women and their child(ren) across the four interviews. All data are presented per 3-month period. As mentioned, the costs of these services have been valued using a gross costing approach, applied to publicly available audited expenditure and service utilisation data from the Western Cape Government.^[@ref20]^ Within the Markov model, estimates of service utilisation are multiplied against the relevant unit costs in order to calculate the mean cost over the pregnancy and up to 12 months postpartum for the non-depression group versus the depression group. The results of the probabilistic sensitivity analysis are captured as 90% uncertainty intervals around the mean results.

As shown in [Fig. 2](#fig02){ref-type="fig"} and supplementary Table 2, the mean results indicate that public provider costs are higher for the mothers with depression, at US\$659 in comparison with US\$372; for children the mean cost is US\$644 *v*. US\$433 respectively. The main drivers of these differences are the utilisation of in-patient care (for the mother and for her child(ren)) and deliveries within a hospital instead of a MOU. On the other hand, similar costs are incurred for antenatal and well-baby services. These results should, however, be interpreted with caution given the wide variation in estimates, as captured within 90% uncertainty intervals using probabilistic sensitivity analysis. Fig. 2Public provider costs of care for mothers and their child(ren) (US\$) by depression status.MOU, Midwife Obstetric Unit; UI, uncertainty interval.

Patient costs {#sec2-3}
-------------

Supplementary Table 3 presents the travel and time costs, and user fee estimates that are used to derive the patient cost results that are presented in [Fig. 3](#fig03){ref-type="fig"}. The latter suggests a similar trend of higher costs in the depression group. Although patient costs are far lower than provider costs, these costs are nevertheless significant from a household perspective; in total, 11 and 18% of per capita household income is spent in accessing services for the women and their children in the non-depression group and depression group, respectively. However, as before, the overlapping uncertainty intervals suggest that -- although costs are higher in the depression group -- there may not be significant differences between the groups based on their depressive symptoms. Fig. 3Patient costs of accessing care for mothers and their child(ren) by depression status (US\$).UI, uncertainty interval.

Discussion {#sec3}
==========

Main findings {#sec3-1}
-------------

This study estimated the economic burden of maternal depression in participants who are psychologically distressed in a low-income setting. At 12 months postpartum, women without depression were significantly more likely to be employed, to have a higher household income and to fall into the wealthier socioeconomic group. In contrast, provider and patient costs were higher for the women and their child(ren) who were categorised as being in the depression group across all time points. Although patient costs are markedly lower than provider costs, catastrophic spending levels were evident, with 18% *v.* 11% of per capita household income spent accessing health services in the depression versus non-depression groups. Although the wide variations in these cost estimates generated overlapping uncertainty intervals, the consistent trend in higher costs for women with depression and their children is of significant policy relevance.

Interpretation of our findings {#sec3-2}
------------------------------

Prince et al^[@ref11]^ have suggested a number of pathways through which mental health may have an impact on physical health, and vice versa. The detailed utilisation data collected in this study may allow some insights to be generated about which of these pathways might operate in this setting. First, there was a correlation between depression status and utilisation of in-patient care, and this was the case for the mothers and their children. Second, there was a correlation between depression status and hospital-based deliveries (likely to be more complicated than MOU deliveries). Both of these correlations provide support to the notion that worse physical health may encourage depression and/or that depression might encourage worse physical health. In contrast there was no correlation between depression status and utilisation of antenatal and well-baby services, suggesting that it is not the case that the persistent worry associated with depression leads to an overutilisation of healthcare in this setting.

Limitations {#sec3-3}
-----------

This study has a number of shortcomings. First, the study is a subanalysis of a group of women receiving a psychological intervention or enhanced usual care within a randomised controlled trial. Given that these women are trial participants, they are unlikely to be representative of all pregnant women accessing antenatal services in this setting, or other settings. In earlier analyses, we explored using the control arm (enhanced usual care) to derive the estimates for this paper and found similar patterns of higher costs in the depression group. Therefore, to maximise our sample size, we have included all women from the trial in this analysis. Despite this strategy, there are wide variations in our estimates that we have assessed via probabilistic sensitivity analysis and have presented as uncertainty intervals around mean costs.

Second, we have used a Markov modelling framework to compare costs between participants with depression versus participants without depression at each time point. In reality, it is likely that the depressive symptoms of women would change over time, which means that the total costs calculated for the depression versus non-depression group over the full time period should be interpreted cautiously. Although an alternative approach would have been to assess economic burden using baseline depression status, the small sample size of the non-depression group at baseline (*n* = 16), coupled with loss to follow-up over time, precluded the use of such an approach. Future research could improve on our estimates by including probabilities of becoming more or less depressed over the study period, thereby generating a more accurate estimate of total costs for this group of women as a whole. This would also facilitate an understanding of the cost-effectiveness of interventions to alleviate depression in pregnant and postpartum women.

Third, for public sector services from the provider perspective, we have used routine expenditure and patient data from the Western Cape Department of Health to calculate average unit costs. Although such an approach is crude, it is necessary given the absence of differentiated unit costs for different types of services (for example in-patient care in a surgical ward versus in-patient care in a general medical ward). Moreover, we have based our estimates of service utilisation on self-reports from participants. Without electronic patient data linked to a unique patient identifier, we are unable to follow patients up at clinics and hospitals to conduct nuanced primary costing for the type of service utilised. This would in addition be prohibitively time consuming and costly.

Implications {#sec3-4}
------------

In conclusion, to the best of our knowledge this study is the first to assess the economic burden of maternal depression across pregnancy and up to 12 months postpartum in a LMIC setting. Our results strongly suggest higher patient and provider costs in women who are more depressed. In addition, less favourable economic outcomes (employment, household income and socioeconomic status) were evident in women with depression at 12 months postpartum. While maternal depression is currently underdiagnosed and undertreated in South Africa, it is nevertheless associated with high costs. The potential to avert some of these costs through intervening to reduce this burden of maternal depression is therefore of significant policy importance.
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